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lASER GAIH MEDIUM FOR SOLID STRTE DYE IASg BS_ 
BACKGROUND OP THE INVENTION 

5 

The present invention relates to solid state dye lasers and 
especially to a gain medium for solid state dye lasers coii«)rising 
at least one cholesteric liquid crystalline polymer layer which 
provides distributed feedback for laser light emitted in the gain 
10 medium. 



Laser devices are used in all areas of science and technology to 
generate coherent electromagnetic radiation in the infrared, 
visible or ultraviolet region the spectrum, i.e. approximately at 
15 wavelengths between 300 and 1800 nm. Lasers operate using the 
principle of light amplification by stimulated emission of 
radiation. If light is incident on an excited species, they may 
be stimulated to emit their energy as additional light with the 
same frequency, phase, polarisation and direction as the incident 
2° light. AS the converse process, i.e. stimulated absorption of 
unexcited species, is also possible in a given sample, net 
amplification only occurs when the excited species outnumber the 
unexcited species, i.e. when an "inversion" of the atomic levels 
is established. Emission of laser light requires an excitable 
25 active species, e.g. a dye, which exhibits strong stimulated 
emission of radiation. Further, optical feedback means must be 
provided which act as a resonator for laser light emitted by the 
active species. The simplest resonator consists of two opposing 
mirrors arranged on opposite sides of a medium containing the 
30 active species which is conventionally denoted "gain medium". 

Lasers are conventionally classified according to the type of 
gain medium used, e.g. gases, dyes, solid state semi conductor, 
and others. 



35 



Among those, dye lasers are of particular interest in many 
technical fields because they provide a broad tuneability of the 
emitted laser light over the spectral range mentioned above and 
40 their pumping methods, i.e. the methods for exciting the active 
species, are rather flexible. Commonly, excitation of the dye is 
achieved by means of so-called optical pumping using a source of 
energy such as a flash lamp or a pump laser. Typical pump lasers 
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are nitrogen, argon iron, and frequency doubled Nd-.YAG 
(neodymium/yttrium-aluminum-garnet) . Dye lasers can be operated 
in either continuous-wave (CW) mode with continuous powers of 
typically up to 100 mw with very narrow line width or in pulsed 
5 mode with energies up to 1 J and pulse durations in the femto 
seconds range. 

While most dye lasers operate with a liquid gain medium, 
solid-state dye lasers have also been developed, a laser assembly 
10 where the laser dyes are incorporated e.g. in a solid polymer 
matrix such as polymethyl methacrylate (PMMA) . Solid state gain 
media overcome some of the disadvantages of liquid gain media 
such as handling problems and health or environmental hazards 
associated with many laser dyes and solvents commonly employed. 

15 

AS an alternative to using end mirrors to define an optical 
cavity, mirrorless dye lasers with optical feedback distributed 
throughout the gain medium are known. Distributed feedback is 
commonly used in semiconductor or dye lasers, especially, when 
single mode operation is required (e.g. Shank et al. -Tunable 
distributed- feedback dye laser". Applied Physics Letters, 18, 152 
(1971)). The distributed feedback is obtained by a gain medium 
exhibiting a spatial modulation in optical properties such as 
refractive index or gain in the direction of light propagation 
through the medium. A common method to obtain a periodic 
modulation in the gain medium is to interfere two coherent pump 
laser beams. Then, the output wave length of stimulated laser 
light is proportional to the periodicity of the interference 
pattern. The laser emission wavelength can be tuned e.g. by 
varying the angle between the pump laser beams. 

in US 3,771,065, a liquid gain medium for dye lasers has been 
suggested consisting of a laser dye dissolved in a cholesteric 
liquid crystal (CLC) which provides distributed feedback. Such 
gain media benefit from special optical properties of the 
cholesteric or "chiral nematiC phase of certain liquid crystals: 
CIiC's develop a helical superstructure characterized by a local 
nematic director which is perpendicular to the helix axis but 
varies linearly with its position along the helix axis. The 
*° pitch, i.e. the spatial period, is determined by the 

concentration and the helical twisting power of the chiral 
constituents. As a consequence of the periodicity of the helical 
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cholesteric structure and the birefringence of the liquid 
crystal, for a range of wavelengths, light propagation along the 
helix axis is forbidden for one of the normal modes. Thus 
incident light of a "forbidden" wavelength is stronly reflected. 
5 The edges of this relection band are at wavelengths which are 
equal to the refractive indices times the helical pitch (c.f . 
deGennes, "The physics of liquid crystals". Clarendon Press, 
Oxford, 1974). Thus, if a dye doped CLC is aligned between two 
glas plates in the so-called planar texture, a "Bragg- type" phase 

10 grating is established throughout the CLC layer. Then laser 

emission is normal to the film plane and the output wavelength is 
set by the helical periodicity. By varying the temperature of the 
CLC host, the helical pitch of the CLC host can be changed, 
thereby the output wavelength of the dye laser can be tuned. 

15 Fluid CLC gain media are, however, subject to environmental 
perturbation, such as temperature, and impractical for many 
applications . 

in US 6,141,367, the disclosure of which is hereby incorporated 
by reference into the present application, a solid state dye 
laser has recently been described which has a solid gain medium 
doped with a fluorescent dye. It has been suggested to use a gain 
medium which includes a polymeric cholesteric liquid crystal 
disposed in a planar texture and frozen into a characteristic 
wavelength. The configuration of the dye laser including location 
means which allow for locating and orienting the gain medium 
relative to a pump laser are extensively described in this 
document. However, US 6,141,367 does not disclose any specific 
polymeric CLC which can act. as a suitable host material of a 
solid state dye laser medium. 

Lasing in dye doped cholesteric liquid crystals has been 
demonstrated for the first time by Kopp et al. in Opt .Lett. 23, 
1709, 1998 and TeOieri et al. in ALCOM Symposium on chirality, 
Cuyahoga Falls, Feb. 1999. Subsequently, Pinkelmann et al. have 
suggested in Adv. Mater. 2001, 13, No. 14, 1069-1072 to use an 
elastomeric cholesteric liquid crystal as a laser gain medium. 
Pinkelmann et al. have demonstated that mechanical stretching of 
an elastomeric cholesteric liquid crystal allows for tuning the 
lasing wavelenth. The elastomeric liquid crystal used by 
Pinkelmann et al. comprises a polymeric network synthesized via a 
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hydrosilylation of poly(oxy(methylsilylenel both with an achiral 
nematogenic monomer, said monomer having a mesogenic group 
comprising 





a chiral cholesterylcarbonate and 1,3,5 triallyloxybenzene as a 
,0 crosslinking agent. As laser properties such as lasing threshold, 
line width, pulse duration etc. are strongly influenced by the 
optical properties of the distributed feedback gain medium, there 
is a need for polymer CLC's which prove particularly suitable for 
use in a solid state dye laser. 



15 

SUMMARY OF THE INVENTION 



It is therefore an object of the present invention to provide an 
improved CUC based gain medium for solid state distributed 

20 feedback dye lasers. It is a further object of the present 

invention to provide a laser gain medium which allows to obtain a 
high degree of parallel orientation of individual helical axis, 
particularly when employing industrial scale production methods. 
It is still a further object of the invention to provide a 

25 polymeric CLC gain medium which allows for an easy tuneability of 
the laser output wavelength. 

we have found that these objects are achieved by a laser gain 
medium comprising at least one active species adapted to be 
^° stimulated to emit laser light within a predetermined wavelength 
range, optical feedback means defining a resonator for said laser 
light, said feedback means comprising at least one substantially 
solid cholesteric layer having a substantially planar texture 
exhibiting selective reflection of light defined by a reflection 
band tuned to said predetermined wavelength range, said 
cholesteric layer being obtained from reactive cholesteric 
mixtures selected from mixtures comprising: 

a) at least one cholesteric, polymerizable monomer? or 

b) at least one achiral, nematic, polymerizable monomer and one 
*° chiral compound in an inert diluent; or 
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c) at least one cholesteric, crosslinkable oligomer or polymer 
selected from the group comprising cholesteric cellulose 
derivatives, propargyl-terminated cholesteric polyesters or 
polycarbonates, crosslinkable oligo- or polyorgano- 

5 siloxanes; or 

d) crosslinkable cholesteric copolyisocyanates in a 
polymerizable diluent; or 

e) chiral nematic polyesters having flexible chains whose 
cholesteric phase can be frozen in by rapid cooling to below 

10 the glass transition temperature^ 

werein said mixtures b) do not comprise mixtures of an achiral, 
nematic, polymerizable monomer having a mesogenic group 
comprising 

/T^l r\ 





and a chiral cholesterylcarbonate and a crosslinking agent. 

20 

While the preferred gain medium of the invention comprises either 
one of mixtures a) to e), a suitable gain medium may also 
comprise mixtures of mixtures a) to e). 

The production of cholesteric layers for gain media according to 
the invention offer a range of surprising advantages: The 
cholesteric helices, particularly of mixtures a) and b) , can be 
oriented with particular advantage when dilute cholesteric 
solutions are used. Post-orientation of the cast (as yet 
^° unpolymerized and uncrosslinked) layer in order to align the 
cholesterics is often unnecessary. The cholesteric layers 
produced possess an extremely homogeneous layer thickness and can 
be produced in a reproducible manner. The invention makes 
cost-effective production of solid CLC laser gain media possible. 

35 

The cholesteric mixture is preferably applied with a diluent 
fraction of from about 5 to 95 % by weight, in particular from 
about 30 to 80 % by weight, preferably from about 40 to 70 % by 
weight and, with particular preference, from about 55 to 60 % by 
40 weight, based in each case on the overall weight of the mixture 
that is to be applied. 
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The mixtures of the invention may be employed in a pourable form, 
e.g. mixtures a), b) and c) in an inert diluent and mixture d) xn 
a polymerizable diluent. For a detained description of methods 
for producing solid cholesteric polymer layers or films from 
5 mixtures a), b), c) and d), reference is made to International 
Patent application WO 99/11733 (corresponding to US Ser.No. 
09/486,695), the disclosure of which is incorporated herin by 
reference. 

10 Preferred monomers of group a) are described in DE-A-196 02 848, 
the full content of which is incorporated herein by reference. In 
particular, the monomers a) embrace at least one chiral, 
liquid-crystalline, polymerizable monomer of the formula I 



15 Ul yl Al Y2 Ml Y3- 



X (I) 

n 



where 

Zi is a polymerizable group or a radical which carries a 

polymerizable group, 

y1,y2,y3 independently are chemical bonds, oxygen, sulfur, 
25 CO O ^ O CO ^ O CO O , 



CO N(R) or M(R) — CO- 

Ai is a spacer. 



^® Ml is a mesogenic group. 



X is an n-valent chiraLL radical, 

R is hydrogen or Ci-C4-alkyl, 

is 1 to 6, 



35 

n 



40 



and Zi, Yl, y2, y3, a1 and Ml can be identical or different if n 
greater than 1. 



45 



wo 2004/021531 



PCT/EP2002/009657 



7 



Preferred radicals are: 

CH2= CH- f CH = C- ' [I 1 ^CH2 ' 




CH3 



HaC-^^ H2C' 



5 



R 



R O 



10 R * ^ R O 



_jj=C=0, — N=C=S, — O— C=H, 
— COOH, — OH or 



15 



vhere each R can be identical or different and xs hydrogen or 
Cx-C4.alkyl, such as -.ethyl, ethyl, n-propyl, isopropyU n-butyl, 
isobutyl, sec-butyl or tert-bntyl. Of the reactive polynerx.able 
groups, the cyanates are able to trimerize spontaneously to 
20 cyanurates and are therefore preferred. Polymerxzation of the 
other groups indicated requires further compounds havxng 
complementary reactive groups. Isocyanates, for example, are able 
rpolymerize with alcohols to give urethanes and with amxnas to 
give urea derivatives. Similar comments apply to thxxranes and 
25 Lirldines. Carboxyl groups can be condensed to give P<^^y™ 
and polyamides. The maleiinido group is particularly suxtable for 
free-radical copolytaerization with olef inic compounds such as 
styrene. Said complementary reactive groups can be present exther 
in a second compound of the invention, which is mxxed wxth the 
30 iirst, or can be incorporated into the polymeric network by means 
of auxiliary compounds containing 2 or more such complementary 
groups . 

particularly preferred groups Zi-Yi are acrylate and methacrylate . 

35 

Y1-Y3 can be as defined above, the term a chemical bond meaning a 
single covalent bond. 

40 suitable spacers Ai are all groups known for this purpose. The 
spacers contain generally 1 or more, e.g. from 2 to 30, 
preferably 1 to 12 or 2 to 12 carbon atoms and consxst of Ixnear 
aliphatic groups. They may be interrupted in the chain by 
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„o„adjace»t o, s, m or HCe,, for exa^le. '^'^^ '^^^^ 
Bubstituenta for the spacer chain are fluor.ne, chlorxne, 
bromine, cyano, methyl and ethyl. 



are: 



5 Examples of representative spacers 

-,CH„,-, -(CH.CB^O,.CH.CH.-, -CH.CBaSCH.CH.- . -CB.CH.«BCH.OH.- . 

CI 

CH3 CH3 CH3 CH3 | 

.CH.CHi-CH.CH.- ^ -(CHiH0).CH3CH- ' -(CHa)sCH- or -CHaCH.CH- , 

where 

m is 1 to 3 and 
p is 1 to 12. 

The vasogenic group Mi preferably has the structure 

(T-Y8)s-T 

20 

where is a bridge in accordance with one of the definitions of 
T s Is 1 to 3 an! . is identical or different at each occurrence 
Ld is a divalent isocycloaliphatic , heterocycloaliphatxc , 
25 isoaromatic or heteroaromatio radical. 

The radicals T can also be ring systems substituted by 
t!c.-alkyl, fluorine, chlorine, bromine, cyano, hydroxyl or 
nitro. preferred radicals T aret 

30 



35 



40 
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Of the chiral radicals X of til compounds of the formula I 
oartLlar preference is given, not least on account of thexr 
ralla^ility, to those derived fro. sugars fro. binaphthyl or 

biohenvl derivatives and from optically actxve glycols, 
bxphenyl derxva sugars, particular 

5 dialcohols or amino acxds. in tne caa natives 
mention should be made of pentoses and hexoses and derxvatxves 

thereof . 

Examples of radicals X are the following structures, the lines at 
10 the end in each case denoting the free valences. 





15 



20 




O 




25 






40 



— 1 
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CH2 CH2 







10 



1 



Particular preference is given to 



15 





20 



and 



25 



Also suitable, furthermore, are chiral groups having the 
following structures: 



30 



CH3 



CH3 




35 




40 



Further examples are 
p 43 42 280.2. 



set out in the German Application 
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n is preferably 2. 



As preferred monomers of group b) , the polymerizable mixture in 
the process of the invention includes at least one achiral 
5 liquid-crystalline polymerizable monomer of the formula II 

22 Y* A2 Y5 m2 Y6 AS-f" Z ' ( II ) 



^® where 

Z2^Z3 are identical or different polymerizable groups or 

radicals which contain a polymerizable group, 

15 

n 3.S 0 or 1 

Y*,Y5,Yfi,Y7 independently are chemical bonds, oxygen, sulfur. 



20 



-CO O — , — O CO — , — O — CO — O— 

-CO — N(R) — or — N(R) — CO — , 



a2,a3 are identical or different spacers and 

m2 is a mesogenic group. 

The polymerizable groups, bridges Y* to Y', the spacers and the 
mesogenic groups are subject to the same preferences as the 
corresponding variables of the formula I. 

30 

The cross linkable achiral liquid-crystalline monomers, in 
particular those which make it possible to prepare 
liquid-crystalline polymers having relatively high crosslinking 
density, may also be compounds of the fosnnula 

35 



40 

where 



A* 

AS AS 
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15 

A-i and AS are identical or different and are each a 
cross linkable group; 

the radicals are identical or different, preferably 

identical, and are each a single bond, -0-, -S-, -C=N-, 
-0-C0-, -CO-0-, -O-C0-0-, -CO-NR-, -NR-CO-, -NR-, 
-0-CO-NR, -NR-CO-0-, -CH2-O- or -NR-CO-NR, in which R xs 
H or CL-C4-alkyl; and 

m3 is a mesogenic group. 

These compounds are notable for the fact that they are capable of 
forming a liquid-crystalline phase and stabilize this phase 
particularly well and permanently owing to their increased 
crosslinkable group content. 

Preferably a5 is ortho to A* at each occurrence. 

Preference is likewise given to compounds where A^ and A^ are 
each, independently of one another, a group of the formula 

20 

Z-Y8-(Sp)n- 

where 

25 Z is a crosslinkable radical; 
y8 is as defined above; 

so is a spacer having from 1 to 30 carbon atoms, in which the 
carbon chain may be interrupted by ether oxygen, thioether 
sulfur or nonadjacent iinino or Ci-C4-alkyliinino groups; and 

n is 0 or 1. 
30 A* and a5 are preferably identical - 

According to a preferred embodiment Z is selected from: 
H2C=CH— f HC=C— ' ' 

35 



ri R O 



40 ^ 
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1 ' T ' I 

5 R R R 

_,j=C=0^ — N=C=S and — O— C=N, 

where the radicals R are each, independently of one another, 
Ci-C4-alkyl, for example methyl, ethyl, n- or i-propyl or n-, i- 
10 or t-butyl. 

According to another preferred embodiment Sp is selected from-. 
- { CH2 )p- » - (CH2CH20)riCH2CH2- , -CH2CH2SCH2CH2- , 



15 



20 



-CH2CH2NHCH2CH2- , 

CH3 CH3 CH3 

I I I 

-CH2CH2H-CH2CH2- ' -(CH2CHO)aCH2CH- ' 

CH3 9^ 




-(CH2)6CH- or -CH2CH2CH- 

25 Where m is from 1 to 3 and p is from 1 to 12. 

According to another preferred embodiment m3 is selected from 
groups of the general formula III: 

'0 0^^-^-^,-^/% (ixi) 



where 

35 

y8 is as defined above, and 

O is substituted or unsubstituted alkylene, such as linear or 
branched Ci-Ci2-alkylene, or a substituted or unsubstxtuted 
aromatic bridging group. 

40 

preferred aromatic bridging groups are selected from 
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10 



and substituted analogs thereof. Substituted analogs of saxd 
bridging groups can carry from 1 to 4 identical or different 
substituents per aromatic ring, preferably one or two 
substituents per ring or per bridging group. Suit^le 
substituents axe selected from Ci-C.-alkyl as defined above, 
nitro, halogen, such as F, CI, Br, I, phenyl or C.-C^-alkoxy, the 
alkyl radical being defined as above. 

,„ A detained description of compounds of formula III and methods 
for producing such compounds can be found in German patent 
application DE 100 16 524 the disclosure of which is xncorporated 
herein by reference. 

25 in addition to the achiral compounds, the mixture according to b) 
includes at least one chiral compound. The chiral compound brxngs 
about the twisting of the achiral liquid-crystalline phase to 
form a cholesteric phase. In this context, the extent of twxstxng 
depends on the twisting power of the chiral dopant and on xts 

30 concentration. Consequently, therefore, the pitch of the helxx 
and, in turn, the reflectance wavelength depend on the 
concentration of the chiral dopant. As a result, it xs not 
possible to indicate a generally valid concentration range for 
the dopant. The dopant is added in the amount at ^^^f 
35 cholesteric layer has a reflection band with edges at the desxred 
lasing wavelength. 

preferred chiral compounds are either those of the formula la 



40 Jzi.— Yl Al Y2 MS Y3-^ 



X (la), 
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or those of formula lb 



^ Where zi, Yi, Y^, y3, Ai, X and n are as defined above in formula 
X Ma is a divalent radical which comprises at least one 
heterocyclic or isocyclic ring system, and X2 is a cholesteryl 
radical or a derivative thereof. 

The moiety Ma here is similar to the mesogenic groups described, 
since in this way particularly good compatibility with the 
liquid-crystalline compound is achieved. M*, however, need not be 
mesogenic, since the compound Xa is intended merely °/ 
15 its chiral structure to bring about the appropriate twxstxng of 
the liquid-crystalline phase. Preferred ring systems present in M 
Te thHbov^ntioned structures T, preferred structures Ma being 
those of the abovementioned formula (T-Y8)3-T. Further monomers 
a^r^iral compounds of group b) are described in WO 97/00600 and 
20 its parent DE-A-195 324 08, the full content of which is 
expressly incorporated herein by reference. 

A preferred moiety is a chiral cholesterylcarbonate of formula 



CH3 

O 



O C O 

30 




JO 



CH3 

CH3 



preferred polymers of group c) are cholesteric cellulose 
derivatives as described in DE-A-197 136 38, especially 
cholesteric mixed esters of 

35 

(VI) hydroxyalkyl ethers of cellulose with 

(VII) saturated, aliphatic or aromatic carboxylic acids and 

(VIII) unsaturated mono- or dicarboxylic acids. 



40 



particular preference is given to mixed esters in which the 
hydroxyalkyl radicals of component VI that are attached by way of 
ether^un^ions are straight-chain or branched c.-C.o-hydroxyalkyl 
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radicals, especially hydroxypropyl and/or hydroxyethyl radicals, 
component VI of the mixed esters of the invention preferably has 
a molecular weight of from about 500 to about 1 millxon. 
preferably, the anhydroglucose units of the cellulose are 
5 etherif ied with hydroxyalkyl radicals in an average molar degree 
of substitution of from 2 to 4. The hydroxyalkyl groups xn the 
cellulose can be identical or different. Up to 50 % of them can 
also be replaced by alkyl groups (especially Ci-Cxo-alkyl groups) 
one example of such a compound is hydroxypropyUuethylcellulose. 



compounds which can be used as component VII of the mixed esters 
that are employable are straight-chain aliphatic Ci-Cxo carboxylic 
acids, especially C^-Cfi carboxylic acids, branched aliphatic 
C4-C10 carboxylic acids, especially C4-C6 carboxylic acids, or 

15 straight-chain or branched halocarboxylic acids. Component VII 
can also comprise benzoic acid or aliphatic carboxylic acids wxth 
aromatic substituents , especially phenylacetic acid, component 
VII is with particular preference selected from acetic, 
propionic, n-butyric, isobutyric and n-valeric acid, in 

20 particular from propionic, 3-chloropropionic, n-butyrxc and 
isobutyric acid. 

component VIII is preferably selected from unsaturated C3-C12 
mono- or dicarboxylic acids or monoesters of such dicarboxylic 
2^ acids, especially from a,p-ethylenically unsaturated C3-C6 mono- 
or dicarboxylic acids or monoesters of the dicarboxylic acids. 

component VIII of the mixed esters that are enqployable is with 
particular preference selected from acrylic, methacrylic. 
crotonic, vinylacetic, maleic, fumaric and undeoenoic acid, 
especially from acrylic and methacrylic acid. 

component VI is preferably esterified with component VII and VIII 
35 in an average molar degree of substitution of from 1.5 to 3, m 
particular from 1.6 to 2.7 and with particular preference, from 
2 3 to 2.6. preferably about 1 to 30 %, in particular from 1 to 
20 % or 1 to 10 %, with particular preference, from about 5 to 
7 % of the OH groups of component VI are esterified with 
40 component VIII. 
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The proportion of component VII to component VIII determines the 
hue of the polymer. 

Highly suitable polymers of group c) , moreover, are the 
5 propargyl-terminated cholesteric polyesters or polycarbonates 
described in DE-A-197 17 371. 

It is also possible to employ crosslinkable oligo- or polyorgano- 
siloxanes, as are known, for example, from EP-A-0 358 208, 
10 DE-A-195 41 820 or DB-A-196 19 460. 

Among these compounds preference is given to polyesters or 
polycarbonates having at least one propargyl end group of the 
formula r3c=C-CH2-, where r3 is H, Ci-C^-alkyl, aryl or 
Ar-Ci-C4-alkyl (eg. benzyl or phenethyl) which is attached to the 
polyesters or polycarbonates directly or via a linker. The linker 
is preferably selected from 

20 ^ — ' 

-oi030T"and -OC JO:!^''" 

(the propargyl group is attached to X) , 

where R* is H, Ci-C4-alkyl or phenyl, X is O, S or and r2 is 
H, Ci-C4-alkyl or phenyl. 

30 in the polyesters, the propargyl end group is preferably attached 
by way of 




35 

The polyesters preferably comprise 

(IX) at least one aromatic or araliphatic dicarboxylic acid unit 
40 and/or at least one aromatic or araliphatic hydroxycarboxylic 

acid unit, and 
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(X) at least one diol unit. 

preferred dic«boxylic add units are those of the formula 





10 



15 



20 




25 especially those of the fonoula 



30 




35 

where each of the phenyls or the naphthyl can carry 1, 2 or 
3 substituents selected independently from Ci-C4-alkyl, 
Ci-C4-alkoxy, halogen or phenyl, and where 

W is NR, S, O, (CH2)pO(CH2)q, (CHa)™ or a single bond, 
R is alkyl or hydrogen. 
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m is an integer from 1 to 15, and 

p and q independently are integers from 0 to 10, 



Preferred 



hydroxycarboxylic acid units are those of the formula 




co- 



and 



10 



where each phenyl or the naphthyl can carry 1, 2 or 
3 substituents selected independently from Cx-C4-al]cyl, 
15 Ci-C4-alkoxy, halogen or phenyl. 



preferred diol units are those of the formula 



CB3 



CH3 



20 



25 



30 



I X CH2 CH CH2 CH3 

X CH2 CH CH2 CH3 V * 

Ii £■ 

X CH2 CH CH2 CH3 



35 



CH3 

O— CH2— CH CH2 S CH2 CH2— 

CH3 

_0— /OV- S— CH2— CH — CH2— O— 



40 
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where 



L is alkyl, alkoxy, halogen, COOR, OCOR, CONHR or NHCOR, 
X is S, 0, K, CH2 or a single bond, 
S A is a single bond, (CH2)nr 0(CH2)n. S(CH2)nr NR(CH2)n. 




R is alkyl or hydrogen, 
15 Ri is hydrogen, halogen, alkyl or phenyl, and 

n is eui integer from 1 to 15. 

Preference is given to polyesters comprising at least one 
dicarboxylic acid unit of the formula 



20 



-oc 




co- 



or 



25 



and at least one diol unit of the formula 

O H 



30 



R3 

I 



)-<0)-o- , 




HO. 



or 



, where R^ is 



OH 



35 



H, halogen, Ci-C4-alkyl, especially CH3 or C{CH3)3/ or is phenyl. 

Further preferred compounds are diesters of the formula 
P-Y-B-CO-O-A-O-CO-B-Y-P, Where P is a propargyl end group of the 
above-defined formula, Y is O, S or nr2 (r2 = Ci-C4-alkyl ) , B is 



40 



or 




45 



wo 2004/021531 



PCT/EP2002/009657 



25 

where each phenyl or the naphthyl can carry 1, 2 or 
3 substituents selected independently from Ci-C4-alkyl, 
Ci-C4-alkoxy, halogen or phenyl, and A (together with the adjacent 
oxygeh¥) is one 6? tKe abovementioned diol units. 

5 

Particularly preferred diesters are those of the above formula in 
which B is 



10 




and especially diesters of the formula 

HC=CCH20-B-CO-0-A-0-CO-B-CX:H2-CeCH , where 

15 




A is as defined under XI. 



35 

Further preferred compounds are polycarbonates comprising 
least one incorporated diol unit of the above formulae. 



especially of the formulae 

40 



45 
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H 





H 



-Oj 



or 



10 preference is given here to those polycarbonates which comprise 
as did units at least one mesogenic unit of the formula 

-0-.(g)-<O)K)- or -0C-<g>-COcH@hO- and 



15 



20 



at least one chiral unit of the formula 



o i 

B 



and, if desired, a nonchiral unit of the formula 



25 



30 where Ri- is as defined above and in particular is H or CH3. 

particularly preferred polycarbonates are those having propargyl 
end groups of the formula HCsCCHzO-rS-CO, in which r5 is 



35 



or 




40 



Further suitable polymers of group c) are cholesteric 
polycarbonates containing photoreactive groups even in a non- 
terminal position, such polycarbonates are described in 
DE-A-196 31 658 and are preferably of the formula XIII 



45 
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_0-A-0-C— )^(-0-B-0-C— )3^(-0-D-0-C— )\(-0-E-0-C— ), 



10 



(XIII) 

1 to 2/from about 0 to 5/from about 0 to 5. 



In the formula XXII 

A is a mesogenic group of the formula 



IS 




or 




o 



o 

1 „ 

c — o 




o 



20 B is a 



chiral group of the formula 
CH3 



X — CH2 — CH — CHa — CH3 
L I. > / 



CH3 

X — cHjf — in — CH2 — 



CH3 



X CH2 CH CH2 CH3 

30 \ 



CH3 



, (isosorbide) , (isomannide) , (isoidide) 



35 



40 
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where 

is alkyl, alkoxy, halogen, COOR, OCOR, CONHR or NHCOR, 



40 



X 



is S, O, CH2 or a single bond, 
is alkyl or hydrogen. 



45 
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single bond, (CH2)a, 0(CH2)n, S(CU2)n, NR(CH2)n, 




CH2CH2 



-0 &- '-"-^ 



Ri is hydrogen, halogen, alkyl or phenyl, and 
n is an integer from 1 to 15. 

If is allcyl or halogen a«. A Is a single «nd or if is H or 
alkyl and A is 

" — 0(CB2)„— — S(CH2)„ or — HK(CH2)„ 





the groups concerned are solnbility-enhancing groups. Exa».ple= of 

" isosorbids, iso«aanide and/or isoldide is the preferred chiral 
component . 

^ ^^r,A■^^^ rtiol structural units is preferably 
The oroportion of the chxral axoJ. struc^iu- 
" ^tthin L range fro« 1 « 80 of the overall content of 

Ll structural units, with particular preference fro» 2 to 
20 mcl-%, depending on the desired interference hue. 

„ Bxa^ples Of preferred polyners of group d, _ 
cholesteric copolyisocyanates as descrll»d in aS-A-08 834 7«. 
co^lyisocy^«s feature repeating units of the ferulae 



Such 



40 



C (III)/ 



45 
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10 



30 



(IV) 



and if desired of the formula 
O 

(V) 

R3 



where 

Ri is a chiral aliphatic or aromatic radical, 
r2 is a crosslinkable radical and 
20 "B? is an achiral radical. 

unless stated otherwise, alkyl is to be understood here (both 
alone and in definitions such as alkoxy, dialkyl, alkylthio, 
etc.) as branched and unbranched Ci-Ci2-alkyl, preferably C3-C12-, 
25 with particular preference C4-C10- and, in particular, 
Cg-Cio-alkyl. 

Ri is preferably selected from (chiral) branched or unbranched 
alkyl, alkoxyalkyl, alkylthioalkyl, cycloalkyl, alkylphenyl or 

30 C3-C9-epoxyalkyl radicals or radicals from esters of Ci-Ce fatty 
acids with Ci-Ce-alkanols or Ca-C.-dialkyl ketones. The ester 
radical may be attached to the nitrogen either vxa the fatty acxd 
moiety or via the alkanol residue. The radical Ri may have 1, 2 or 
3 substituents, which are identical or different and are selected 

35 trom alkoKy, di-Ci-C4-alkylamino, CU or C..C4-alkylthio groups or 
halogen atoms. 

Ri is preferably selected from alkyl, alkoxyalkyl, radicals from 
esters of C^-C, fatty acids with Ci-Cg-alkanols, Ca-Cj-dxalkyl 
*° ketones and epoxidized Ca-C-epoxyalkyl radicals, where Ri may be 
substituted by 1 or 2 radicals which are identical or different 
and are selected from alkoxy, halogen, CN and CF3. Preferred 



45 



wo 2004/021531 



PCT/EP2002/009657 



substituents of branched or unbranched alKyl or allco^ radicals 
are selected from alkoxy groups, halogen atoms and C»; from 
esLrs of C.-Ce fatty acids with C.-Ce-alKanols , from allcoxy 
groups, halogen atoms, CN and CPs; and, for Ca-C-diaD^l ketones, 
5 from alkoxy groups, halogen atoms and CN. 

The main chain of the radical Ri has, in particular, a length of 
frim 3 to 12, especially 6 to 10, preferably 6 to 8 members 
(carbons, oxygens and/or sulfurs). Particularly preferred 
10 radicals are selected from 



CH3 



CH3 



CH2 CH2— iCH2 ) 3 CH3 



15 



CH3 



-CH2 CH C2H5 



2 , 6-dimethylheptyl 



CH3 



— (CH2)--CH — C2H5 , 
2 * 



20 



CH3 



CH3 



25 



(CH2)— CH C2H5 , 

3 * 



CH CH2 CH3 , 



CH3 



CN 



CH2-iCH2 fc-CH3 

* 5 



CH — 4CH2)r— CH3 r 

* 5 



30 



CI CH3 

I I 

- CH CH C2H5 r 

* * 



Br CH3 

-CH CH C2H5 

* * 



35 



CH3 CH3 

I 1 

-CH — CH C2H5 , 

* * 



r 1 

CH C O CH3 , 



40 
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CH3 O 



32 

CH3 O 



CH3 



I II „ rH CH C O CH CH3 

CH C O C2H5 , uu 



* 

* 



^ rn, CH3 O 

O CH3 I 3 I I 

— CH — C— O— CH— C2H5 



CH C O CHz — CH CH3 



10 « CF^ O 9H3 

CF3 9 1^ II 



CH CH2 C C2H5 ^ 

* 



— is — CH2— C — O— CH — C2H5 



« CH3 



CH O— 4CH2)— CH3 , 

* ' 



20 9^3 



:H2 CH OC2H5 



CH3 

25 I 



CHs 

:h2 — 9H — o — CH3 , 
CH3 



CH2 CH O C3H7 



— <CH2^0 — CH2- 
3 



-CH O 



CH3 

1 

— C2H5 ,-(CH2>-0-^H2— CH— O— C2H5 , 



CH3 

1 CVL CH— <CH2)— CH3 , 

_-<CH24— O— CH2— CH_0— C2H5 , — CH y^—y ^ 

5 * 



35 / \ 



_CH.-CH-CH-CH3 and _CH.-CB -CH -CH^ - CH3 

* * 

With very particular preference, ooj^onent III of the 
4, ropolYisocyanates that can .e en>ployed i= derived from 



2 , e-dimethyiheptyl isocyanate . 
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The radical of the copolyisocyanates that can be einployed xs 
preferably selected from Ca-Cxi-alkenyl radicals, C4-Cn-y3.nyl 
ether radicals vinyl Ca-Cs-alkyl ethers), ethylen.cally 
unsaturated Ca-Cu carboxylic acid radicals and esters of 
5 ethylenically unsaturated C3-C6 monocarboxylic acxds with 

cX-^l^^oL, the linkage to the nitrogen taking place vxa the 
alkanol residue of the ester. The radical is with P-f^^^^ 
preference selected fro. nvethyl acrylate, ethyl acrylate, propyl 
Lrylate, n-butyl acrylate. isobutyl acrylate, 2-ethylhexyl 
10 acrylate, methyl methacrylate, ethyl methacrylate, propyl 
.eSacrylate, n-butyl methacry late , isobutyl -f-^f 
2-ethylhexyl methacrylate, especially from ethyl acrylate or 
ethyl methacrylate. 

15 The radical r3 preferably has the saxae definitions -^^^^^^^^^^ 
Ri. However, it is achiral, i.e. it has no center of chirality or 
is in the form of a racemic mixture. 

With particular preference, the -ain chain of the radieal r3 has a 
" length of fro- 4 to 12, in particular 6 to 10, preferably 6 to 
8 -embers (carbons, ox^ena and/or sulfurs). Component V of the 
copolyisocyanates of the invention is, with very particular 
oreference, derived from n-hexyl isocyanate, n-heptyl isocyanate 



25 



preference, 
or n-octyl isocyanate. 



components III, IV and V are preferably present xn a molar ratxo 
Ill^IVrV of about 1 to 20 : 1 to 20 : 50 to 98, in particular 
about 5 to 15 : 5 to 15 : 65 to 90, and, with particular 
preference, about 15:10:75. 

The units III, IV and V can be distributed randomly in the 
copolyisocyanates which can be employed. 

35 suitable polymers of group e) are chiral nematic polyesters 
having flexible chains and comprising isosorbide, xsomannxde 
and/or isoidide units, preferably isosorbide units, and also 
comprising at least one chain-flexibili.ing unxt selected from 
(and derived from) 

40 

(a) aliphatic dicarboxylic acids, 

(b) aromatic dicarboxylic acids with a flexible spacer. 
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(c) a,a>-alkanoids, 

(d) diphenols with a flexible spacer, and 

(e) condensation products of a polyalkylene ^-^P^;^*^-;^^ 
polyalkylene naphthalate with an acylated dxphenol and wxth 

^ an acylated isosorbide. 



or 



as are 



described in DB-A-197 04 506. 



T,oTinT-vstalline and form stable Grandjean 
m The oolyesters are noncrysraxj.iii« , 
10 Tne po y cooling to below the glass 

textures which can oe rrozen «x» = 

«^Bitlon temperature. The glass transition tsMperatures of t^ 
pot^eeters. In turn, are despite the flexibili.atxon above 80 »C, 
preferably above 90 oc and, in partioular, above lOOoc. 

" The polyesters that can be e«.ployed include as units (a) 
preferably those of the formula 



^ OC (CHjjn CO- 



25 where n is from 3 to 15, aepeoially 4 to 12, «>d with particular 
preference adipic acid; 



as 

30 



units (b) preferably those of the formula 





35 

where 

A is (CH2)nr 0(CH2)nO or (CH2)o-0-(CH2)p» 

n is from 3 to 15, especially 4 to 12, with particular 
preference 4 to 10, and 
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and p independently are from 1 to 7; 



as units 

5 



(c) preferably those of the formula 



_0-<CH2)„_O— or -0-{CH2— O).- , 



10 

where 

n is from 3 to 15, especially 4 to 12, with particular 
preference 4 to 10, and 

15 

m is from 1 to 10; and 

as units (d) preferably those of the formula 

20 



_o_(o>-*-\o>-°- 



25 

where 



A 



is (CH2)nf 0(CH2)nO or {CH2)o-0-(CH2)pr 



n is from 3 to 15, especially 4 to 12, with particular 
preference 4 to 10, and 

and p independently are from 1 to 7. 



o and p 

35 



polyesters that can be employed additionally comprise, as 

acid component, preferably dicarboxylic acxd unxts of 



The 

nonf lexible 
the foirmula 



40 
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25 

L is alkyl, alkoxy, halogen, COOR, OCOR, COHHR or NHCOR, 

X is S, O, N, CH2 or a single bond, 

A is a single bond. 



35 




where 

Ri is hydrogen, halogen, alkyl or phenyl and 
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R is alkyl or hydrogen. 

If desired, the polyesters that can be employed comprise 
additional flexible diol units of the formula 

5 

CH3 

_0— CH2— CH — CH2— S — CH2— CH2— O— 

CH3 

O— (O)— S CH2— CH CHa O— 

15 o—(^—K—0— , 

where 

Ri is hydrogen, halogen, alkyl or phenyl, 

A is (CH2)n, 0(CH2)n, S(CH2)„ or NR(CH2)„ and 

n is from 1 to 15. 

25 very particular preference is given, in accordance with the 

invention, to the use of chiral compounds and nematxc monomers of 
group b), especially of chiral compounds of the formula 2: 




or of the formula 5: 

35 
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10 



and nematic monomers of the fonnula 1: 



15 .*^YO(CH2>njO-\_ 
O 



Hv_oc-Q)-0(CH2)n2C-'^^ (1) 

\ 




20 



or preferably of the formula 3: 



:h3 9 



25 



or 



with particular preference, of the formula 4: 



30 



R 



0-(CH2)4-o'^^= 



<4) 



35 



Where nx and in formulae 1 and 3 are independently 4 or 6, R 
in the formula 1 is H or Cl and the monomers of the formula 1 or 
3 are preferably employed as mixtures of the compounds with m/nz 
40 - 4/4 4/6, 6/4 or 6/6, and R in formula 4 is H, Cl or CH3. It xs 
also possible in accordance with the invention, however, to 
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employ other cholesteric mixtures, examples being the mixtures 
disclosed in EP-A-686 674- 

Gain media may be prepared from solutions using inert diluents 
S such as, e.g. for mixtures a) or b) linear or branched esters, 
especially acetic esters, cyclic ethers and esters, alcohols, 
lactones, aliphatic and aromatic hydrocarbons, such as toluene, 
xylene and cyclohexane, and also ketones, amides, 
T9-alkylpyrrolidones, especially N-methylpyrrolidone , and in 
10 particular tetrahydrofuran (THP), dioxane and methyl ethyl ketone 
(MEK) . 

According to a preferred embodiment of the invention said 
cholesteric mixtures further comprise at least one crosslinking 
agent. Examples of suitable cross linking agents include as 
described in US-A-08 834 745. Examples of such crosslinking 
agents are 

esters of a,p-unsaturated mono- or dicarboxylic acids, 
especially C3-C6 mono- or dicarboxylic acids, with 
Ci-Ct2-alkanols, Cz-Cxa-alkanediols or their Ci-Ce-alkyI ethers 
and phenylethers, for example the acrylates and 
methacrylates, hydroxyethyl or hydroxypropyl aery late or 
methacrylate, and 2-ethoxyethyl acrylate or methacrylate; 

_ vinyl Ci-Ci2-alkyl ethers, such as vinyl ethyl, vinyl hexyl or 
vinyl octyl ether? 

30 _ vinylesters of Ci-Ci2 carboxylic acids, such as vinyl acetate, 
vinyl propionate, vinyl laurate; 

- C3-C9 epoxides, such as 1,2-butylene oxide, styrene oxide; 
N-vinylpyrrolidone, N-vinylcaprolactam, N-vinylformamide; 

- vinylaromatic compounds, such as styrene, a-methylstyrene, 
chlorostyrene, and 

40 



20 



25 



35 
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. compounds having two or more, preferably at least three 

polLerizable ethylenically unsaturated double bonds such as 
di-^ triesters of di- or triols (including polyethylene 
glycols) with acrylic or methacrylic acid; mono-, dx- or 
5 triesters of a,p-un3aturated mono-, di- or tricarboxylxc 
acids with vinyl or allyl or methallyl alcohol; dx- or 
triethers of di- or triols with vinyl or allyl or methallyl 
alcohol; or di- or trivinylbenzene, or di- or 
triallylbenzene, or di- or trivinyloxybenzene, or dx- or 
10 triallyloxybenzene, or N-triallylisocyanurate. 

Examples of preferred crosslinking agents are 2-ethoxyethyl 
acrylate, diethylene glycol diacrylate, ethylene glycol 
di^thacrylate, diethylene glycol dimethacrylate, trxethylene 
15 glycol dimethacrylate, tri^ethylol propane di(meth) acrylate or 
LI(meth)acrylate, diethylene glycol monomethyl ether acrylate, 
«henoxvethyl acrylate, 5-acryloxymethyl-l,2-dxoxane, 
tetraS^ofurfu^l acrylate, tetraethylene glycol dixaethacrylate, 
orpSLularly preferred, styrene and 1,3,5 triallyloxybenzene . 

20 

If desired, water can also be added to the diluent, or can even 
be employed as the sole diluent. Water is the preferred dxluent, 
if the gain medium of the invention is prepared from.emulsxon. 

" For photochemical polymerization, the crosslinkable or 

polymerizable mixture may include customary ^^^^^^^^ 
photoinitiators. For curing by electron beams, such initiators 
are not required. Examples of suitable photoinitiators are 
t^obutyl benzoin ether, 2 , 4 , 6-trimethylbenzoyldiphenylphosphxne 
oxide, l-hydroxycyclohexyl phenyl ketone, 

2-benzyl-2-dimethylamino-l- ( 4-morpholinophenyl ) f uran-l-one, 
ntixtures of benzophenone and l-hydroxycyclohexyl phenyl ketone, 
2,2-diinethoxy-2-phenylacetophenone, perf luorxnated 
diphenyltitanocenes, 2-methyl-l-(4-imethylthiolphenyl)-2- 
(^Lr^holinyD-l-propanone, 2-hydroxy-2-methyl-l-phenylpropan- 

1- one, 4-(2-hydroxyethoxy)phenyl 2 -hydroxy-2 -propyl 
2,2-dlethoxyacetophenone, 4-benzoyl-4'-methyldiphenyl sulfxde, 
ethyl 4-(dimethylamino)benzoate, mixtures of 

2- isopropylthioxanthone and 4-isopropylthioxanthone, 
" 2-(dimethylamino)ethyl benzoate, d,l-camphorquinone, 

ethyl-d,l-camphorquinone, mixtures of benzophenone and 
4-methylbenzophenone , benzophenone , 
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4 4 ' -bisdimethylaminobenzophenone, 

ila/luo-^l»3Phate, trlphenylBulfonium he^fluorophosphate or 
^ture= Of trlphonylBulfoniu. salts, and also ^u"-^-"- 
5 acrylate, dipropylene glycol dlacrylate, hexaned^ol d^aorylate, 
n'l-di-thylethyDcyclohexyl acrylate, trl^ethylolpropane 
triaerylate and tripropylena gl.Y<=ol diaorylata. 

^cordin, to one preferred e«bodl»«nt of the 
10 the liquid crystal polymer is an elastomerrc materxal. It has 
^en found thit cholesteric liquid crystal ^^^^f^^f ^ 
spontaneous and uniform orientation of the """"f J^^^^^^ 
such materials do not need «.y mechanical support for a stable 
:rienratio„ of the helical structure. One particular advantage of 
15 cholestexic li<^ld crystal elastomers resides - f^*^** 
the helical structure can be modified by ^"^^^f^ 
fields consequently laser emission can be tuned by external 
^:ha^ical deformations. The elasto^ric properties of the ,a.n 
medium are essentially controlled by the concentratron of a 
20 crosslinxing agent and/or by the polp«risation condxtxons. 

according to one embodiment of the invention, ^^^^"^^ 
medium is comprised of at least three layers, with the actwe 
shells, e.g. the laser dye, helng disposed between a adjacent 
" cholest;ric layers acting as optical feedbaclc means. Thus, laser 
light generated in the Intermediate layer can freely 
ttooughout the intermediate layer and is subsequently r^leoted 
in the adjacent cholesteric layers. Similar -"-?ements are 
denoted -distributed Bragg reflector, (DBR)- xn diode 
3» Ssemblies. The Intermediate layer may for instance ^^ -J^^y^^ 
layer doped with a suitable laser dye or any other actxve medium 
^il is readily coatable with cholesteric layers. Xt^s Known 
that the reflectance of cholesteric layers depend on the layer 
thtoklees. Thus, one cholesteric layer may be adapted to provide 
35 forT^s; 100% reflectance while the other cholesteric layer may 
^ less reflective in order to obtain a directional output of the 



laser beam. 



according to another embodiment of the invention, the active 
" species Ly be comprised in the cholesteric layer. " 
variant of the invention, the gain medium merely consists of a 
Itngle cholesteric layer having a suitable laser dye dissolved 
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• ™^r«ta can be prepared in various ways. E.g., 
a solution «"P"="^ Substrate and polymerized after 
Z:::.^^^'^ -et .ser a.. . add. 

^ -r.^:rrdr/oi:- - - 

solvent . 

„ another variant. t.e ^'^^^ ^'^-r..TJZfC^^ ^ 

iO a co^PO- -rr^ i™rr r^^X^ri^ed wit. 

instance, be a suxtaoie r ^^j. 

the cholesterio layer. 

™.»i™al laser dye, the active species may also 
Rather th«. . ^J^t^/e^hi^itin, sti».lated emission 

be a polymeric materxal "pable vinylene) 
Of light, conjugated polymer, such as ^^^^ ' J^^ ^,3, ^, 

as described e.g. by t";/" for gain media of 

^» pages «0 et =e,. preferred actxve spec.es ^ 

.he present ^"7^»;4::rf„r;h:iereric reflective layers 

" However, due to a large variety -^^^^^^ 

.,es are the ^^^^^^^^^^ Z:^ ^ ^cyclopedia o. 
suitable laser dyes are describea m u 

ouj.i<<u' -„i-5+--ion . volume A 15, pages xa* c 

r lS:tbreTy:rc;4:Ser« a™, heteroaromatic 
rpoulds stialenes, coumarins, xanthene or methrne dyes. 

„ is .nown that the -ectance ^ of ----- the 

hound by ' ^i^aJg and perpendicular to the 

35 refractive indices, "=P-=^^' ^ ^^^^ helical 

„lecular ^^-f-^'^^/^^.^^.'Ld of the cholesterio layer 
structure, with^e reflec ^^^^^ ^^^^ 

being tuned to „£ the emission spectrum 

below lasing threshold, an altaratio j^. 
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or close to ^o. 



»„nv in the gain medium ot the present invention, the 
rir re^L "aHe^ti-nXate. to «.it iase. U,ht within a 
5 ;::dlte.lined wavelength range corresponding esaent.al y to its 
(luorescence emission spectrum. The cholester.c ^^^^^^^^ ="'^'=*"' 
surthat the edge of its reflection band fall, wxthxn the 
emission spectrum of the active species. 

" Tiirarrraii^mfrumr r rr^ -re -rizrs 

comprxsing a laser gain Preferred pump means 

adapted to excite said laser gaxn medium. Preferred p P 

optical pump means such as flash lights or pump lasers. Any 
"Lee capable of emitting electrc^gnetic radiation with a ^ 
15 HH«y,«r than the laser emission frequency vill be a 

frequency ^-^^^^^^^ preferred pump lasers include continuous 
suitable pump source. Preferrea puup lasers such 

rni^Tttrrsers 

I^lLTsc^^^n ofvarions aspects of the invention ta^ ^ 
conjunction with the accompanying drawings. 

25 

BRIEF DBSCRIPTIOH OP THE DRAWINGS 

PXG 1 Shows schematically a preferred embodiment of solid-state 
dye laser system of the present invention. 

30 . ^ view of a first embodidment of the 

FIG. 2 depicts a schematic view oi 

gain medium of the invention. 

FIG. 3 depicts a variant of the gain medium of fig. 2. 
3SpxG 4 depicts a schematic view of a second embodidment of the 
gain medium of the invention. 
FIG. 5 depicts a variant of the gain medium of fig. 4. 
DETAII^D DESCRIPTION PREFERRED EMBODIMENTS OF THE INVENTION 

Figure 1 shows a preferred embodiment of the ^/^^ 
laser of the present invention. The solid state dye laser 
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comprises pump means 10, for instance frequency doubled 
mode-locked Nd:YAG laser. Suitable means 11 to control the pulse 
energy of the pump laser 10, e.g. a polarizer, half-wave plate 
assembly, maybe provided. Optical means, e.g. mxrrors 12, 13 and 

5 a lense assembly 14, are used to focus the pump beam 15 on the 
gain medium 16 of the present invention. A collector lens 17 xs 
used to collect the emitted laser light, e.g. in fiber optics 
wave guide 18. As can be seen, conventional longitudinal optxcal 
pumping or "end pumping" is employed, i.e. the pump laser beam xs 

10 incident along the length of the gain medium parallel to the 
propagation direction of the laser emission. The dye-doped gaxn 
xnedium is typically 5-100 micron thick and dye concentratxon xn 
the gain medium is typically 10-* to 10-2 molar. 

15 in figure 2, a cross-sectional view of first embodiment of the 
gain medium 16 of the invention is depicted. The gain medxum 
consists of a single dye-doped cholesteric layer 20. i.,ngxtudxnal 
optical pumping is employed. The pump laser beam 15 and the dye 
laser beam 17 travel co-linearly within the laser gain medxum 20 

20 as shown by the arrows. Without further modification, the dye 
laser beam is emitted from both surfaces 21, 22 of the 
cholesteric layer 20. 

in figure 3, a variant of the gain medium of Figure 2 is 
2^ depicted, surface 21 of gain medium 20 is coated with a hxgh 
reflectance dichroic coating 23 that reflects substantially at 
dye laser wavelength but transmits at pump laser wavelengths, 
surface 22 of gain medium 20 is coated with a high-reflectance 
dichroic coating 24 that reflects substantially at pump wave 
length but transmits at dye laser wave length. Thus, the specxfxc 
arrangement of figure 3 improves a directional emission of dye 
laser light which can only exit gain medium 20 via surface 22. 

The embodiments of figures 4 and 5 correspond to the embodiments 
of Figures 2 and 3, respectively, except that gain medium 20 xs 
comprised of three layers, namely an intermedium active polymerxc 
layer 25 which hosts the laser dye but which itself does not 
exhibit distributed feedback. Layer 25 is interposed between two 
Cholesteric layers 26, 27 which act as distributed reflectors for 
*° laser light emitted in the active layer 25. Reflectance of layer 
27 is, however reduced as compared to the reflectance of layer 26 
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thus p«vidin, for a directlo*!l output of a dye la,er ^ X7. 

X. * i^eoT- liaht may be further improved if 
Directional output of laser Ixght may described 

i-p-Flective coatings 23, 24 are enipiuy«=" 
additional reflective y correspond to the 

5 in figure 5. Reflective coatings 23 and 24 cor p ^ 
in iigu . . „^ 53 24 of the embodiment of figure 3. 

reflective coatings 23, ^4 oi^ 

Example 1 

. «holesteric liquid crystalline elastomeric layer was prepared 
as follo^^^^^^ n:twor. ^as synthesized via a -y^--^^^^^^-^ 
reaction of 100 mol/% polytoxv(methylsilylene, 1 with both 72 
«ol/% of an achiral nematogenic monomer of formula 
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18 mol/% of a 



chiral cholesterylcarbonate of formula 
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and 10 



iaol/% of a crosslinking agent of formula 
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be either 0 or 1. 
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5 stage. The statistical J.y a ^ anisotropic deswelling 

rn^ris a^d to de8«all only in OM direction, while 
Cin't^e di^iona in the two perpendicular directions « 
^ „.».nt This anisotopic deswelling is equivalent to a 

resulting in a highly ordered f °^^ftlser d^ PCM 
.male crystal elastomer. To achieve lasing, the laser ay 
single crys 2-nethvl-6- ( 4-diiDethylamino styryl) -4 

•♦-•■^■^^rSsstl^rin^S chollsteric layer, xn order to dope 
" :;;:Ta toLf:::h tidied .c„, the net«or. is si^ly ^«e« - 
toluene containing the dye and subsequently dried. The dye 
^i!!«a"on in loluene w«. such that when the solvent was 
conentration in 1 dissolved in the cholesteric 

« Cr Wit; tfe aho^Toncentration of the chiral co^nent, the 
" ™. sh^ a selective reflection of left circularly polarised 
light with reflection naxinum at X« - 590 rm. 

carry out the lasing experiment, a free standing dyed 
30 ::oirs2ric layer is comer counted on the ^vahle faces of a 

four-law chuck over an optical port, as shown in fig. ^-J^J^ 
is a frequency doubled mode-locked Hd=». ""^^^^^^ 
i«««4-K of )l = 532 nm . The experimental setup 
pulses at a wavelength of a. " 
corresponds to the schematic drawing of fig. 1. 

3 5 

The pulse energy was controlled with a polarizer and 
TJe The pump bean was focused on the sample using a f - 20 », 
f 5 cm dia»^t« lens, the beam diameter at the -^^^ '''J^- 
2.5 cm aia» collected and focused to the entrance slit 

40 Ta^^ 5 0 ( J" :l-spex, spectrometer. The emission was 
of a ' s-eotrum One intensified CCD (Jovinyvon-Spex) 

rt::rr,rera:ed rl continuous „de. The samples showed. 
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